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ABSTRACT 
There  is  an  increasing  demand  for  high  data  transmission  rates  with  the  evolution  of  the  very  large  scale 
integration (VLSI) technology. The multiple input multiple output-orthogonal frequency division multiplexing 
(MIMO-OFDM) systems are used to fulfill these requirements because of their unique properties such as high 
spectral efficiency, high data rate and resistance towards multipath propagation. MIMO-OFDM systems are 
finding their applications in the modern wireless communication systems like IEEE 802.11n, 4G and LTE. They 
also  offer  reliable  communication  with  the  increased  coverage  area.  The  bottleneck  to  the  MIMO-OFDM 
systems is the estimation of the channel state information (CSI). This can be estimated with the help of any one 
of the Training Based, Semiblind and Blind Channel estimation algorithms. This paper presents various channel 
estimation  algorithms,  optimization  techniques  and  their  effective  utilization  in  MIMO-OFDM  for  modern 
wireless LTE systems. 
Keywords  -  Spectral  Efficiency,  OFDM,  MIMO-OFDM  systems,  Channel  Estimation,  Channel  State 
information, Pilot Carriers, subspace approach, LTE. 
 
I.  INTRODUCTION 
There is an increasing demand for the high data 
rates  with  effective  utilization  of  available  limited 
spectrum.  To  satisfy  these  requirements  Multiple 
Input  Multiple  Output-Orthogonal  Frequency 
Division  Multiplexing  (OFDM-OFDM)  techniques 
have been adopted. 
MIMO technology is one of the major attracting 
techniques  in  wireless  communications  because;  it 
offers  significant  increases  in  data  throughput  and 
coverage without additional bandwidth or transmitter 
power. It also provides high spectral efficiency and 
link reliability. Because of these properties, MIMO is 
an important part of modern wireless communication 
standards  such  as  IEEE  802.11n  (Wi-Fi),  4G, 
3GPPLTE, WiMAX and HSPA+. 
In  Mobile  communication  systems  prior  to 
transmit the information certain characteristics of the 
radio  waves  are  changed  in  accordance  with  the 
information bits. At the receiving end the information 
bits  are  retrieved  accurately,  if  the  channel 
characteristics  are  known.  The  channel  may  vary 
instantaneously because of the propagating medium, 
which leads to the signal degradation. The Channel 
State information (CSI)   provides the known channel 
properties for a wireless link. It provides the effects 
of  fading  and  scattering  on  a  signal  propagating 
through the medium. Normally the CSI estimated at 
the receiver fed back to the transmitter. If it is not 
estimated accurately at the receiver, leads to system 
degradation.  It  can  be  estimated  by  using  different 
channel estimation algorithms. This estimation can be 
done with a set of well known sequence of unique 
bits for a particular transmitter and the same can be 
repeated  in  every  transmission  burst.  Thus  the 
channel  estimator  estimates  the  channel  impulse 
response  for  each  burst  separately  from  the  well 
known  transmitted  bits  and  corresponding  received 
samples.  This  paper  describes  the  fundamentals  of 
MIMO-OFDM system and study of various channel 
estimation techniques and their performance. 
This  paper  organized  as  follows.  Section  II 
provides the over view of OFDM, the next section 
provides a description of the MIMO-OFDM system 
model. The section IV presents the various channel 
estimation  algorithms  for  MIMO-OFDM  LTE 
systems.  Finally,  the  conclusion  is  specified  in 
section V. 
 
II.  ORTHOGONAL FREQUENCY 
DIVISION MULTIPLEXING 
2.1  OVERVIEW OF OFDM 
Orthogonal  Frequency-Division  Multiplexing 
(OFDM)  is  a  type  of  Frequency  Division 
Multiplexing (FDM) method which can be used as a 
digital  multi-carrier  modulation  technique.  The 
unique property of the OFDM is orthogonality among 
the  subcarriers,  which are obtained by  splitting the 
carrier into closely spaced orthogonal subcarriers or 
channels. This property ensures the reduction in Inter 
Carrier Interference (ICI) to  a larger extent. Hence 
the  design  of  the  transmitter  and  the  receiver 
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becomes easier compared to the FDM method, which 
requires a separate filter bank for each subcarrier. It 
is quite simple to insert guard intervals between the 
OFDM  symbols  if  the  symbol  duration  is  high. 
Therefore the Inter Symbol Interference (ISI) can be 
eliminated  effectively  without  using  pulse  shaping 
filter. 
In OFDM the large data stream to be transmitted 
is  divided  into  parallel  data  streams.  These  data 
streams  are  fed  to  the  orthogonal  carriers  at  lower 
rate. Each subcarrier is modulated by using any one 
of  the  digital  modulation  schemes  such  as  Binary 
Phase Shift Keying (BPSK), Quadrature Phase Shift 
Keying  (QPSK)  and  Quadrature  Amplitude 
Modulation (QAM). The data rate for each channel is 
low  compared  to  the  conventional  data  rate  for  a 
single-carrier modulation. However the overall data 
rate  is  superior  or  comparable  to  the  single-carrier 
modulation. Hence this scheme finds it’s applications 
in most of the modern wireless broadcasting systems 
namely  802.11n  (WIFI),  WiMaX,  LTE  and  Ultra 
Wide Band (UWB) systems. 
2.2   MATHEMATICAL FORMULATION OF OFDM 
If symbols to be transmitted are Xk, k=0,1,..,N-1. 
The  OFDM  symbols  are  placed  at  a  frequency 
spacing  of  fs,  to  keep  orthogonality  among  the 
subcarriers. 
Where     fs=1/ (NTs)            
Ts= sampling interval 
The OFDM signal transmitted through Kth subcarrier 
is given by 
𝑥𝑛 =   Xk𝑒
?2𝜋𝑛?
𝑁
𝑁−1
?=0
 
 
III.  MIMO-OFDM SYSTEM 
In MIMO systems multiple antennas are used at 
both ends of the transmitter and receiver. Usage of 
MIMO-OFDM  systems  in  modern  wireless 
communication  systems  provides  increased  system 
capacity  and  coverage  with  robustness  against 
multipath fading. Because of the unique properties of 
the  MIMO  and  OFDM  systems,  these  systems  are 
used in high-speed wireless communication systems. 
A simple MIMO-OFDM system with P transmit 
antennas and Q receive antennas is shown in Fig. 1. 
MIMO can be sub-divided into three main parts 
pre-coding,  spatial  multiplexing      and  diversity 
coding respectively. 
Precoding  is  one  of  the  multi-stream 
beamforming techniques employed at the transmitter. 
In this method same type of signals are transmitted 
with  weighted  gains  from  each  of  the  transmitting 
antennas in order to maximize the input signal power 
received at the receiver. It also reduces the multipath 
fading effect but, it requires CSI at the transmitter. 
Spatial  multiplexing  requires  antenna 
configuration of the MIMO  system. In this, a high 
data rate signal is split into a number of low data rate 
signals and each stream is transmitted using different 
antennas  operating  at  the  same  frequency.  At  the 
receiver  these  signal  arrive  with  different  spatial 
signatures and it can easily separate these data stream 
into  parallel  channel.  The  spatial  multiplexing 
technique increases the  signal to noise ratio (SNR) 
and  the  system  capacity.  It  can  be  used  with  or 
without  the  knowledge  about  the  CSI  at  the 
transmitter. 
Diversity coding is used to improve the signal 
received at the receiver without knowing the CSI. In 
this technique the single data stream is transmitted by 
using  space-time  coding  with  full  or  near 
orthogonality  from  each  transmitting  antenna. 
Diversity coding exploits the independent fading in 
multiple antenna links to improve the signal power. 
Spatial multiplexing techniques make the design 
of the receivers very complex. Therefore it is usually 
combined  with  Orthogonal  Frequency-Division 
Multiplexing  (OFDM)  to  combat  the  problems 
created by multi-path fading. 
 
Figure1 MIMO-OFDM system model 
 
3.1  MATHEMATICAL DESCRIPTION  
A simple MIMO system can be modeled as 
 y=H x + n               -------- (3) 
Where  x  and  y  are  the  transmit  vector  and 
receive vectors, H and n are the channel matrix and 
the noise vectors respectively. 
 
3.2  CHANNEL ESTIMATION 
In a wireless communication link, channel state 
information  (CSI)  provides  the  known  channel 
properties of the link. The CSI should be estimated at 
the receiver and usually fed back to the transmitter. 
Therefore,  the  transmitter  and  receiver  can  have 
different CSI. The Channel State information may be 
instantaneous or statistical. In Instantaneous CSI, the 
current channel conditions are known, which can be 
viewed  by  knowing  the  impulse  response  of  the 
transmitted sequence. But Statistical CSI contains the 
statistical characteristics such as fading distribution, 
channel  gain,  spatial  correlation  etc.  The  CSI 
acquisition  is  practically  limited  by  how  fast  the 
channel  conditions  are  changing.    In  fast  fading 
systems statistical CSI is reasonable where channel 
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conditions vary with a period less than the symbol 
time. But, in slow fading systems instantaneous CSI 
can  be  estimated  with  reasonable  accuracy.  So 
channel  estimation  technique  is  introduced  to 
improve accuracy of the received signal.  The radio 
channels  in  mobile  communication      systems  are 
usually multipath fading channels, which are causing 
inter symbol interference (ISI) in the received signal. 
To  remove  ISI  from  the  signal,  several  detection 
algorithms  are  used  at  the  receiver  side.  These 
detectors  should  have  the  knowledge  on  channel 
impulse  response  (CIR)  which  can  be  provided  by 
separate channel estimator. 
 
3.3   CLASSIFICATION OF CHANNEL ESTIMATION 
TECHNIQUES  
Basic  classification  of  channel  estimation 
algorithm is shown in Fig 2. They are training based, 
blind  channel  estimation  and  semi-blind  channel 
estimation. The training based channel estimation can 
be  carried  out  by  either  block  type  pilots  or  comb 
type pilots along with the data symbols. In block type 
pilot  estimation,  one  specific  symbol  full  of  pilot 
subcarriers is transmitted periodically as in Fig 3(a). 
This estimation is suitable for slow fading channels. 
But,  in  comb  type  pilot  estimation  pilot  tones  are 
inserted  into  each  OFDM  symbol  with  a  specific 
period of frequency bins as shown in Fig. 3(b). This 
type  of  channel  estimation  is  very  much  suitable 
where  the  changes  even  in  one  OFDM  block.  The 
blind channel estimation is carried out by evaluating 
the  statistical  information  of  the  channel  and 
particular properties of the transmitted signals. This 
blind channel estimation   has no overhead loss and it 
is only suitable for slowly time-varying channels. But 
in  training  based  channel  estimation,  training 
symbols or pilot tones that are known to the receiver, 
are  multiplexed  along  with  the  data  stream  for 
channel  estimation.  The  Semi-blind  channel 
estimation algorithm is a hybrid combination of blind 
channel  estimation  and  training  based  channel 
estimation  which  utilizes  pilot  carriers  and  other 
natural constraints to perform channel estimation. 
 
Figure 2 Classification of channel estimation 
algorithms 
 
Figure 3(a) Block Type Pilot 
 
Figure 3(b) Comb Type Pilot 
 
IV.  CHANNEL ESTIMATION 
ALGORITHMS FOR MIMO-OFDM 
LTE SYSTEMS 
4.1  TRAINING BASED CHANNEL ESTIMATION 
TECHNIQUES 
Various  channel  estimation  and  optimization 
techniques are proposed [1]-[5], [10] and [11]. 
W Hardjawana, R Li, B Vucetic and Y Li in [1] 
proposed a novel pilot- aided iterative receiver with 
joint ICI cancellation and decoding algorithm, based 
on pilot symbols and iterative soft-estimate of data 
symbols. The channel can be estimated using time-
domain interpolation and least square (LS) methods. 
Soft-estimate  for  data  symbols  are  obtained  by  a 
maximum-a-posterior (MAP) decoder and improved 
subsequently using iterative process. 
In [2] an Iterative channel estimation  and  inter 
carrier  interference  (ICI)  cancellation  method  for 
highly  mobile  users  in  long-term  evolution  (LTE) 
systems is proposed. This  algorithm  estimates  the 
wireless  channel  by  using pilot symbols, estimates 
of the data symbols, and Doppler spread information 
at  the  receiver. The channel estimates are obtained 
by  employing  a  least-square  (LS)  method,  a 
simplified  parallel  interference  cancellation  (PIC) 
scheme coupled with decision  statistical  combining 
(DSC)  are  used  to  cancel  the  ICI  and to  improve 
data symbol detection. 
In  [3]  MM  Rana  and  MK  Hosain  proposed  a 
normalized least mean (NLMS) square and recursive 
least  squares  (RLS)  adaptive  channel  estimator  for 
MIMO-OFDM  systems.  These  channel  estimation 
Channel 
Estimation 
Training based 
estimation
LS, ML, MSE
Algorithms
Blind channel 
estimation
STBC, OSTBC 
Algorithms
Semiblind
channel 
estimation
Linear 
prediction, 
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(CE) methods uses adaptive estimator which are able 
to update parameters of the estimator continuously, 
so that the knowledge of channel and noise statistics 
are  not  necessary.  This  NLMS/RLS  CE  algorithm 
requires knowledge of the received signal only. The 
simulation results show that the RLS CE algorithm 
provides  faster  convergence  rate  and  good 
performance compared to NLMS CE method. 
The  performance  of  LS  and  LMMSE  channel 
estimation techniques for LTE Downlink Systems is 
analyzed in [4]. Here a 2x2 LTE Downlink system is 
considered, the estimator’s performance is evaluated 
in terms of Mean Square Error (MSE) and Bit Error 
Rate (BER). This method concentrates on the channel 
length parameter in comparison with the cyclic prefix 
(CP)  inserted  at  the  beginning  of  each  OFDM 
symbol, which is usually equal to or longer than the 
channel  length  in  order  to  suppress  ICI  and  ISI. 
However,  the  CP  length  can  be  shorter  than  the 
channel  length  because  of  channel  behavior.  The 
simulation  results  show  that  the  LMMSE 
outperforms the LSE, when the CP length is smaller 
than the channel length. In the other case, LMMSE 
continue  its  performance  only  for  low  SNR  values 
and begins to lose its performance for higher SNR 
values.  On  the  other  hand,  LS  shows  better 
performance  than  LMMSE  in  this  range  of  SNR 
values. 
In  [5]  Channel  estimation  algorithms  and  their 
implementations for mobile receivers are considered. 
The  3GPP  long  term  evolution  (LTE)  based  pilot 
structure is used as a benchmark in a MIMO-OFDM 
receiver.  The  decision  directed  (DD)  space- 
alternating  generalized  expectation-maximization 
(SAGE)  algorithm  is  used  to  improve  the 
performance  from  that  of  the  pilot  symbol  based 
least-squares  (LS)  channel  estimator.  The 
performance  is  improved  with  high  user  velocities, 
where  the  pilot  symbol  density  is  not  sufficient.  
Minimum mean square error (MMSE) filtering is also 
used  in  estimating  the  channel  in  between  pilot 
symbols. The pilot  overhead  can  be  reduced  to  a 
third  of  the  LTE  pilot overhead  with  DD  channel 
estimation, obtaining a ten percent increase in data 
throughput and spectral efficiency. 
In  order  to  reduce  complexity  and  take 
advantage  of  “null”  sub-carriers,  MMSE  based 
iterative channel estimation algorithm is proposed in 
[10].  A  compensation  process  is  proposed  to 
simplify  the  traditional  iterative  MMSE  channel 
estimator.  After  this  iterative  compensated  MMSE 
channel  estimation  in  frequency  domain,  a  simple 
“linear  interpolation”  in  time  domain  is  performed 
to obtain channel estimates over all OFDM symbols. 
Simulation results show that the IC-MMSE channel 
estimation  algorithm  has  good  performances  which 
approach the performance with perfect channel state 
information in both SIMO and MIMO  transmission 
modes. 
In  [11],  an  improved  DCT  based  channel 
estimation with very low complexity is proposed and 
evaluated  in  IEEE802.11n  and  3GPP/LTE  MIMO-
OFDM systems. The whole DCT window is divided 
into R small overlapping blocks where the length of 
these  blocks  is  a  power  of  2.  The  performance  is 
improved because the noise component is averaged 
on a larger number of subcarriers. 
 
4.2  BLIND CHANNEL ESTIMATION TECHNIQUES 
Most  of  the  existing  blind  and  semi  blind 
methods  for  MIMO  OFDM  channel  estimation, 
except  for  several  algorithms  that  are  proposed  for 
orthogonal  space–time-coded  systems  are  based  on 
the  second-order  statistics  of  a  long  vector,  whose 
size  is  equal  to  or  larger  than  the    number  of  sub 
carriers 
Enhancement of a blind channel estimator based 
on a subspace approach in a MIMO OFDM for a high 
mobility scenario is proposed in [6]. The simulations 
results  have  demonstrated  the  effectiveness  of  the 
approach for a 16 QAM modulation scheme and had 
been  evaluated  in  term  of  bit  error  rate  BER  and 
mean  square  error  MSE  versus  the  signal  to  noise 
ratio SNR 
 
4.3  SEMIBLIND CHANNEL ESTIMATION 
TECHNIQUES 
The  Semiblind  channel  estimation  algorithms, 
exploit  the  second-order  stationary  statistics, 
correlative  coding,  and  other  properties,  normally 
have better spectral efficiency With a small number of 
training symbols. These methods have been proposed 
to estimate the channel ambiguity matrix in MIMO-
OFDM systems [7], [8]. 
An  optimized  channel  estimation  algorithm  for 
Multipath MIMO-OFDM Systems has been proposed in 
[9]. This method has a better estimation performance 
than  the  compressive  sampling  matching  pursuit 
sparse  channel  estimation  method  (CoSaMP-SCE). 
Furthermore, the proposed method does not need to 
use the sparsity information, while the CoSaMP-SCE 
requires it. 
 
V.  CONCLUSION 
In this paper, the basic concepts of Orthogonal 
Frequency Division Multiplexing (OFDM), Multiple 
Input  Multiple  Output  (MIMO)  systems  are 
addressed. The various channel estimation techniques 
such  as  training  based,  blind  channel,  semi-blind 
channel  based  algorithms  are  discussed.  Also 
different optimization techniques, such as Decision-
Directed  Channel  Estimation  Implementation  for 
Spectral Efficiency Improvement in Mobile MIMO-
OFDM, Adaptive Channel Estimation Techniques for P. Venkateswarlu Int. Journal of Engineering Research and Applications                      www.ijera.com 
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MIMO-OFDM  Systems  are  reviewed  for  training 
based channel estimation algorithms. 
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